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Abstract : The electrical conductivity in gamma irrradiated CR-39 SSNTD increase 
substantially compared to pristine samples On Si8* irradiation in pristine samples the 
conductivity decreases below the resolution of the present measurement. When the gamma pre- 
i militated samples are subjected to Si8* irradiation (fluence = 5 x  I09 to 5 x I011 particles/ cm1 2) 
conductivity reveals an increasing tendency With the increase of Si8* fluence, the conduction 
activation energy in these (y+ Si8*) exposed samples changes towards the activation energy of 
the only y irradiated samples These results are explained on the basis of dipolar orientation of 
the polymer chains.
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1. introduction
t'R-39 (allyI diglucol carbonate) is a polymeric track detector used in different liclds ol 
nuclear radiation detection for its high sensitivity. Various efforts have been made to study 
ns track formation mechanism so as to exploit its full potentialities for a sensitive track 
detector in diverse fields of applications. From the ion explosion spike model [I] it is 
suggested that the physical parameters like carrier density and mobility, dielectric constant 
eh of a material are mainly responsible for its track recording character. It has also been 
reported thai gamma-irradiation can be used in polymeric materials to change or modify the 
near surface characteristics of a bulk polymer [2]. So an investigation has been carried out 
to study the changes in conductivity in CR-39 SSNTD due to Si8* irradiation in pristine 
CR-39 and pre-exposed 50-gray gamma- irradiated samples.
2. Experimental details
CR-39 (Pershore Mouldings Ltd. U.K.) sheets of 250 pm thickness were cut'in the 
dimension 0.9 cm x 0.9 cm. These samples were chemically cleaned properly and allowed 
io dry in room-temperature. The cleaned samples were exposed to gamma irradiation of 50
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gray dose. This was done with the help of a phoenix telecobalt unit*. The average energy of 
the gamma-rays was 1.23 MeV. The irradiation was carried out at room temperature. These 
samples were then exposed to 100 MeV Si8* radiation in the material science scattering 
chamber of the 15 UD Pelletron at Nuclear Science Centre, New-Delhi.** The fluences used 
ranged from 5 x 109 cm-2 to 1012 cm-2. Beam size was adjusted to 1 cm x 1 cm and the 
pressure during irradiation was -3 x 10~* torr. The temperature during irradiation was 
maintained at 85 ± 2 K with the help of a LN2 cold-finger arrangement.
The resistivity of the sample: vas measured by an high impedance (1014 Q or 
higher) ECIL electrometer amplifier. Ag electrodes of dimension 0.3 cm x 0.5 cm were 
vacuum evaporated on the two sides of CR-39 samples with the help of a conventional 
Hindhivac coating unit. As a result an Ag-CR-39-Ag sandwich type cell structure was 
obtained. The experimental sample assembly connected with electrical and thermocouple 
leads was kept inside A B-34 ground-glass jacket with the provision of continuos 
evacuation through a stop-cocked side-tube. The experimental observations were carried 
out inside a Faraday cage to avoid external noise and pick-up.
3. Results and discussion
Figure 1 depicts the 1-V characteristics of the samples. There is no deviation from linearity 
and hence the conductivity processes involved must be of bulk conductivity type and not of
Figure 1. I vs V curves of CR-39 at different conditions (Dots - experimental points) 
(Line - fitted curves)
due to the electrode contact controlled type. It may be noted that the current increased 
with the increase of temperature for the same applied voltage in both the pristine and 
irradiated states. In the present study, the samples are polymer dielectric materials and thus 
have the possibility for dipolar orientation. Increase in conductivity in case of gamma- 
irradiated can be attributed to the fact that the dipolar orientation due to the applied field 
is reduced [3].
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F ig u re  2 . In J (A m -2 ) vs 1 0 0 0 /T O C 1) fo r pristine C R -3 9 . (D ots - experim ental points)
(L in e  - fitted  curves).
The temperature dependence of conductivity is depicted in Figure 2 and Figure 3 
for pristine and irradiated samples respectively. The activation energies have been calculated 
from these plots. It is observed that in the fresh sample there two regions of activation 
energies while in the irradiated samples there are three activation regions. It may be noted 
that the conductions in region A and B are due to carrier excitation to unlocalised and 
localised states respectively. Region C may be attributed to carrier hopping transport. If the
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density of defect states is high, then process B will not dominate in any temperature range 
and a direct transition from A to C will result which is the case of the pristine sample [4],
1000 /T f K - 1 )
F ig u r e  3 . In  J ( A m - 2 ) vs 1 0 0 0 /T ( K “ l )  graphs o f  ir ra d ia te d  C R -3 9 . (D o ts  -  e x p e rim e n ta l 
p o in ts ) (L in e  -  f itte d  cu rves).
The corresponding computer fit equations in each region are also given in the figures. The 
activation energies are given in Table 1. From these data it may be noted that the activation
T a b le  1 . A c tiv a tio n  en erg ies  fo r  fresh  and irra d ia ted  sam ples.
S a m p le  typ e A c tiv a tio n  
(re g io n  A )
E n erg ies  
(re g io n  B ) (re g io n  C )
P ris tin e 1 .0 2  e V 1 .7 6  e V
G a m m a  (SO g ra y )  
ir ra d ia ted
2 .0 5  e V 0 .9 3 6  e V
G a m m a  ( 5 0  g ra y )  
und Si (5  x  109)
0 .9 6 4  e V 0 .6 8 4  e V 0 .1 7 1  e V
G a m m a  ( 5 0  g ra y )  
and S i ( 1 0 11)
1.01 e V 0 .6 8 8  e V 0 .1 9 2 e V
G a m m a  (SO g ra y )  
and S i ( S x l O 11)
1 .05  e V 0 .7 2 4  e V 0 .2 8 4  e V
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energies decrease in general in irradiated samples compared to fresh samples. For values of 
activation energy lower than 0.2 eV, the conduction may be due to an electronic mechanism 
and for values more than 0.6 eV it could be either electronic or ionic [5]. From the observed 
values of activation energies it is seen that the conduction may be electronic or ionic in 
nature.
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